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Low frequency behavior mining method based on
feature nets and module nets
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Abstract: Aiming at the problem that the low frequency behavior is ignored in the process mining process, a
method of mining low frequency behavior pattern based on fusion feature network and modular network is pro-
posed in this paper. First of all, by processing effective event log to determine the communication behavior
profile, dividing the characteristics into different modules according to the log, reconstructing the internal be-
havior of the event, thus, the corresponding module network and the feature network are excavated. Then, by
integrating the feature network and the modular network, the complete process model is obtained, and itera-
ting the initial mode, all the low frequency models is extended. Examples are given to prove the feasibility of
the method.

Keywords: process mining; feature net; module net; low-frequency behavior

il 1

0 3

B A R ECHR B0 A Ui R Ml 55 i P A8 BRAE AR 22 U R $54 T A L 2 R A A Sl 55 B AR A AT Y
EENAE . KRZ OB EAT o ARAE B — LB AT R 9K e A AR  AF A ol 55 R 4
AL NAEZ — A2 H AT, C AR 2 EH X ARSAT 2T T 0T 58, 90 U T — SE B 58 R
a0 s SCHR L2042 7 — b R o ke R0 ol 2 4 4 Ok ok I8 B AR B 0 L O HLREE T — b
T PRI Ok A PR T O A AF AR, SCERL3 T4 M 1 — P2 4 = 8 i AR A B 1 O i, O R R T — g R
3P O ey S 4 12 B T U R A 1 AT A A J) AR DR R AR AL . SCHR(4 13 5 Inductive Miner J5 ¥ F U1 3 8
ARG T AZPAT B T — M B AR AL SCRRLS J8 M T — D H S P R BRI AT iy A shE AR

W EHA: 2018 -03 - 24 EEE . B (1993—) . 20 B L BF9E 4 WF58 05 1 h Petri M.
ESTH: EXHRPFES R H(61572035,61402011) ; 2248 ke H SR B # 2L 4 %R B T 5,951 H (KJ2016A208) 5
LR T R 58 A 3 2 4 B I H (2017CX2113)



144 FE 31 R 22 CA SRR 2 RO %44 B

IZAARBENS B S RO BT AT 5947 o 9 B BRARIIAT D . 5 ELURE AN E B 5 21035 BRUS A9 AT 0 3R 00 S W AT 08 5 H
KA AE — 7 AW A2 I R A B AR A5 2R L L 28 2 B S o fEL. SCRRC6-8 14 1 17 3% TR 1 A
[Fi) 5 5k 90 O 3, NPIL 8 27 o B AL AR 0 A e P MR 5 o 8 O 1 o 4 5 Ok B OO O R A A A b B
(TR 0 S AT O S 0 R B A SR B MR AT T A O D SCHRLO T4 T — i AU A A R A
AT B Wo Mine-i 53k %07 ¥ T LAFE i B AR T 8 30k 4% S R 3R 10 )y 31 254 L LI 2
ZERAE B AR A B AT b SOOI AT Dy A A7F 5 A1 2 R B 152 B 9 U AR A Y L F HUANIE R St iz
FrPic s FF B S IEANTE . B XX — SR BE AN SCHR Y — 2 T Rl 15 A58 B o MR AR I 14 R 5 DA A 5K
A2 4 7 12, I 38 3k S0 23 B TR B A SO 1% B4 T S RAT S

1 EBEAREHE

E X 1" OGP Petri ) OPN = (P,1,0,T,F.i,f) I Petri F, 24 H ALY .

D (PUIUO,T,F) &—4 Petri M.

2) PIEPNEERNE, T AT 4, FRREF AT 2 ML 4.

3D I RMAEFE . H 1=7;0 2HBERE.HO =J.

4 P,1,O Wit RAIAZ.

5 i BWIHEFRIN, £ L IERIA.

—A~ OPN EHMHM, MR 1=0=J.1 U O} OPN 4% 1 JE fir.

EX 2V GHITARE) ®LCS T BHEAHE. <, S TXTREHNERG%ER. BiRT
NEER e — A =T (e ey o) s BHRUT X R

D HEEIRER A > B, YHMH A<, B, BL,A;

2) SEGERKR A B, YHMNY A<, B, B<, A;

DHEHEIRKERA B, YHMNYA L. B, BL,A;

4) HAKEIRER A< B, YHMH A <L, B, B<_A.

EX 3 FERD B LS T R—NFFHE,AF €T REE. & (e, ey + ST
RSB AR R N Bl R DL R S5

DP=P, T=T,i=[i],. Q={f1};

2 I={psr | A—>F};

DO={ppal F—>A};

HDF=FU{Uspp ) | tET A=A, F>A} U {(pp,-0) |t ET,A(t)=A,A—>F}.
Hp T RO R AER. (P T Fai, f) 2 TAERRM.

EX 4L #C=(Aa5a,,D.1,0) R M—4HC-M, A WiE#E TR P =,
ALALD T OD AT S A RIA, S AT 3 R 1 sh TR IR A& h &5 o), P& M — A8, 2 HAY
ATCA D CD,MEEHaEA . I'(a) S I(a), O () T OCa). WP P=(A",A/,A,, D", I,
O J&— A=l Y B T s a €A,

[31 €T ():PL RV [VOET'(a): DR
[31 0€0(@:0F R, 1V [VOEOD (@):OZR,].
Hrh R, 2WEdhe WITAEEES R, BEdhe MITARIEES.

EX SR /MER M AR HEBREA M —C-MC=(A,a.a,,D.1,0) Fl—AE 3
o €A, IMPE—MERX P=CA",ALALLD LT O) S o 1 dR /MBS, 25 FLAY Y — A S5 K 3 st A 1
oy I FLH 2 LA R



55 2 ) R S5 o TR R 9 A R I ) R AT S 42 4 7 1k 145

DWmE Q) | > 1. WAa[l@)y=1V [|[I') |[=l.oel' @) |Q]>1].

DWME[O@) [ > 1. MWA[O @Y=V [|0@)|=1.06€0 ) :]|6]>1].

IVa ERLURE|OW) [# 1.4 O (a) =T

DVa €ERy IR [I(a) | £ 1, A I'() =T,

Ve €Ava#a sa € (R URy) R T() | £ 1, B4 T ()=, FFHIE | OC) | #£ 1,
240 () =,

2 ETRhS R M A0 E M B (R 351T A2 o A

AR SO A HE T Rl S R ORISR 0 8 AF A A 7 oA A A 42 0 05 T R T R A H R
SE 2 GE I TRAT A 58 B OC 28 38 2 40 AR 5 AR L R B 0 R A 0 32 0 1 — A S8 Y DR R AR A,
T U A R S O AR T 5 IR (L L A B AR A 5 D . Sy A B AT O S R T e
AR XA E .

EX 6 (Rmpi) B L 2B A EmMEE, — AKX SP MBI RN freq(SP) =

iz G’TLSf Fob | st P oo i A B BT B freq (P = max freq (SP). 47—

FHME o €R: 0 <o <1, A P2 —MEBA LY HALY freq(P) <o.

BT R R AE ) AT B AR AT A T S A2 SRR R

A FEH KR EE p

By - AT K

Stepl  BHFMFHE L =010 0, XAKFMHEFTHAI, LT H0FHED&KDTES
FHOEZMMAT AR, @l AT W C R 3R,

Step2 AR AT A48 B OC R B R G853 8 A R I ABE B, JR4Z 4 3 A L AR H ) M M, =5 88
Ji R FH I K 5 4 G 32 #ES7 R AE ) M.

Step3  AZMIERE I={p,p | A—>F},O={p,, | F— A} FlHEE O E 555 Z 18] B9 5 ¢ &
F=F U {Upr )|t €T AW =AF>A} U{(pp-0) |t E€T.2)=A. A—F}, KM M, ,
M, o «++ FIFFEM My Bl 6, 3248 H o0 5 0 i P s AL

Step4  MEFAF H &R B L HIEN KB NHATHES] S H R freq, MR freq > p, W
B o b T A AR B T R AT ) s Ak T R AR B R B A I AT R MBS R GR T R R AR, TR
B BIR, W freq” > freq, W 7, 75 W AR H5 450 % B (E p J AR 22 A5 400 285 2R frreq” > p, DAL
B B, T Ak 2 AT T — REE A, B W AT Step 5.

Step5  WNIR freq < p, FLIHEE LT b — A5, 000 3% 4K 58 B, i s O R ASE 700 (g AU A 458 =X L B0k

45

D HETEAE 1 RE
i) freq > p. freq” << p;
i) freq = freq'.

3 ZBISH

SEA A3 AT LA B ) RGeS . R E R B (E R 0.1, B IR RGBT Frid S H AR e T
50005, 0K 1 iR, R 1R THPRECO ARG (Y) N RGE (D K 3D RELERF
FH B R R LS8 Herp A e s W20 Sl 7 8 SR VR PR R A DA B A L R O B AR O
I AN A AR AT AT TSI SR SR M 52 5 S P S IR L R R A AR R AR



146 FE 31 R 22 CA SRR 2 RO %44 B

AT EAT R RO T Bl VIR SOAHE R AT R N RIS PSR NS

J\\

fr B BRSO H AR AT BIAR B R S AT N R AR (3R 2).
x1 WMEMYREZHEHES
B A H K 5 il % HH K S %k
ABCDEGH] 1304 ABCFGH] 1239
X ABCDEGI] 45 ABCFGIJ 78
ABCDEGK 1151 ABCFGK 1183
LOPQRST 2023 LON 89
Y LOP 2672 LOPQRU 2014
LOM 2283
Z Vw 2895
LOPDE 2356 PQRUH 2014
SR ABL()%’ 2 246 DEGKV 2478
LOMC 2689 VWQR 2 344
LONBC 89
x2 BNTHREBXRER
M &S [EEEEN XA ARG
AlB nii1jJ[x/c|m[N]Jo|P|[Q|[R|[s|[T[U|V]W
A || ]
B MRS R e R R R
C ~| < |+ |||+ ]+ +]+]+]+
D = + ]+ ]+
E +l | ]+
F RN R R R R R R R
G kR R R s
H || ]+
I R R R R R
J e R R R R R
K ||+
L+ |<|=>|+]|+|+|+][+]|+]|+]+ + |+
M+ |+ ||+ |+ |+ +]+|+]+]|+ + |+
N[+ ||+ |+ |+ ]+ ]|+ ]+]+ + |+
O|+ |+ |+ |+ |+ |+ |+]|+]+]|+]+ + |+
Pl+ |+ |+ ||+ |+ | +]|+]|+]|+ + |+
Q|+ [+ [ [+l ][+]+]|+]+ + |~
R+ |+ [+ ][I+ ]+ F]+]|+ + |+
S|+ |+[+[+]+][+]+][+]+]+]+ [+ ]+
T |+ |+ |+ [+ |+ |+ +]+]|+]+ + |+
U+ |+ |+ +] =+ ]+ + |+
VI i+ |+ |+ ||+ ||+ |||+~ |||+ |||+
W+ |+ |+ ||+ ||+ ]|+ |||+ ]|+ |+ ]+ +

HRE 25 72 B9 F1F H A R TRAT O 8 805G 28, #2540 HE RH OGS I R 8 RO BB I, G T&T 1 7R AR R AR 2

(6] 14368 AT O 58 B L 7T AR B 09 R I 22 8] A7 7 58 AT D 9 ELAT B 5 i BE BE #2 U0 £ B R & ik 1R
S ER R SR N BB AT O B X R A AR I A0 1R 2 BT R AR T RS B 1 5 A 3 5 R ) I AR

A, WK 3 Frs.



>

=

55 2 ) TR EE i o S5 ¢ BT RS AR A 19 RSB 1 B IR AR AT S 42 408 7 147

(b) Bt Y (c) Bidk Z
B1 MERZEMESEN

O
CH O
' M-C
fiE.C

H HEAEM
2 EGMFEN

B3 MEMmymsREREEs

XA H K ENHES I E
X=[(ABCDEGH])"**" ,(ABCFGH])'* , (ABCDEGK)' "' , (ABCFGK)'"** , (ABCFGIJ) "™ ,
(ABCDEGI]»* 1;

Y=[(LOP)**” ,(LOM)*** ,(LOPQRST)*** , (LOPQRU>*""* , (LON)* ]

Z=[(VW)?s 7,

R TR B AR A vh R AT B T SN R B SO H AN R AR Bk 3 A R FAF
FI A8 S0 B0 HE B 175 50 L 5 B 28 G A0 A v 19 A D B3 o X6 380 A B AR R 3G 3 A9 M- R kAT AR
JE. 2 EASE S N RGBT B9 M A5 (E 4) B 3 B0 A% B B R S A X B MRS 1
YL ARG HE BRI RL L, F(N) =0.0178 <C 0.1, £(I) =0.024 6 << 0.1. H AR R KT 45 5E 9
(ERyacEs1S



148 FE 31 R 22 CA SRR 2 RO %44 B

Gnentinenll

(a) NFIM -5 (b) TgM -,
B4 KoMK

AR SO A FE T Rl R A IO RIS S I 8 AR A4 7 O A XA 2 4 T 3 L AN RS R T SR R AR
AR AT DA T EL A R AR I 9 05 s OROR 4/ 1 N TS, BAT — 58 1 NI 8. 72 42 4 19 RO 47
Ay F S BT A A5 DX AR AR 5, DA R ] g R R R ATT A S B RS T 1

Sk

[1] Sani M F, van Zelst S J. van der Aalst W M P. Improving process discovery results by filtering outliers using con-
ditional behavioural probabilities{ C]//International Conference on Business Process Management. Cham: Springer,
2017.216-229.

[2] wvan Zelst SJ, van Dongen B F, van der Aalst W M P, et al. Discovering relaxed sound workflow nets using integer
linear programming[J]. Computing, 2018.,100(5) :529-556.

[3] Tax N, Sidorova N, Haakma R, et al. Mining local process models[J]. Journal of Innovation in Digital Ecosys-
tems., 2016,3(2):183-196.

[4] Leemans SJ J, Fahland D, van der Aalst W M P. Discovering Block-Structured process models from event logs
containing infrequent behaviour[ C]//International Conference on Business Process Management. 2014,171:66-78.

[5] Conforti R, Rosa M L, Hofstede A H M T. Filtering out infrequent behavior from business process event logs[J].
IEEE Transactions on Knowledge & Data Engineering, 2017,29(2) :300-314.

[6] Liesaputra V, Yongchareon S, Chaisiri S. Efficient process model discovery using maximal pattern mining[ CJ//In-
ternational Conference on Business Process Management. Cham: Springer, 2015:441-456.

[7] Bellodi E. Riguzzi F, Lamma E. Statistical relational learning for workflow mining[J]. Intelligent Data Analysis.,
2016,20(3) :515-541.

[8] Carmona J, Broucke S K. Incorporating negative information in process discovery[ C]//International Conference on
Business Process Management. New York, Inc: Springer-Verlag, 2015:126-143.

[9] Chapela-Campa D, Mucientes M, Lama M. Discovering infrequent behavioral patterns in process models[ C]//In-
ternational Conference on Business Process Management. Cham: Springer, 2017:324-340.

[10] HRMERE, J5 T SC, L wg , 55, & R AE ) 5 A5 H T Al 55 1 AR 42 SR LT ). 3R ML L AR 5 0, 2017,53(20) :237-242,

[11] van der Werf ] M, Kaats E. Discovery of functional architectures from event logs[ C]//PNSE@ Petri Nets. 2015:

227-243.
C12] S0 v XURE A E T . i T 3005 A7 O 48 6 0 T AL 5o 8 I AR 2 4 07 ik [T . b PR VLW 98 2% B 2= ik CA SR B = WO
2017(4) :11-15.



